
PHYSICAL 
TREATMETMlwakee, 

Wl - StorageThe 

Humboldt Avenue storage tank In Mlwaukee serves approximately 231 ha(570 

acres) out of total of 7000 ha (7»300 acres) of sewer areaIn the cty. The 

unt is desgned to handle a .3 cm (0.5 in.) rainfallutlzng 15,40 cu m 
(4 

millon gal.) of storage. Thus, scalng up thestorage volume for the 
entre 

combned sewer area for a unt ranfall anal¬ysis (2.54 cm [.0 n a total 
storage volume of 92.185 cu (24 mlongal.) would be required (36.37). Snce 

this 
type of detenton tank Isequpped wth mixers the raw suspended solids 

concentraton Is usually thesame as the pump/bleedback concentraton. 
However, 

when the storage tank hasits capacity exceeded the mixers are not operated 
and the tank functonssimilar to a sedmentaton basn. When ths occurs It 

becomes possble forthe pump/bleedback concentration to be higher than the 

raw dscharge. Theaverage raw flow concentration of suspended solids at 

Humboldt Avenue sestimated from operatng records to be 192 mg/1.The 
metropoltan 

Mlwaukee area is served by two sewage 

treatment 
plants—theJones Island Plant and the South Shore Plant. The Jones 

Island 
Plant s themajor plant and handles almost all of the ctys combined sewer 

areas andtherefore wll be the subject of ths feasblty analyss. The 
treatmentconsists of prmary screening (Instead of primary sedimentaton) followed 

bythe conventional actvated sludge process, and Primary sludge(screenngs) 
s incnerated. The waste actvated sludge s gravty thickened,vacuum filtered, 
and then processed Into fertlzer Data from1970-1973 Indicated that the plant 

had an average daily flow of 650,263 cu mday (7.8 mgd) wth average raw fow 
concentratons of 236 mg/ suspendedsolds. (153,517 kg/day [338.143 and 232 

mg/1 BOD, (151.565 kg/day[333.85 Examinng the concept of pump/bleedback of 
the contents of holdng tanksservng the entre combned sewer area over various 
durations of tme, 

thefollowng percentage Increases In hydraulc loadng and solds loadngwould 
result.Percentage Increases duraton loadng Sol loadng6 12 2 48 72 96 

561281140704735456229114573828The Jones Island Plant can handle approxmately 
757,000 

cu 

m/day 
(200 mgd),therefore, the 

shortest duraton of tme In whch the tank contents 

could 

bepumped 
or 

would 
be 96 hours. 

The 

sludge 
handlng 

capacty 

at 

theplant Is 199 metric tons per day (220 tons/day) and the facites run 
near106 



desgn capacity at all times. If the 96 hour pump/bleedback duraton wasused 
the Increase n solids loading durng this perod would be 28%.Obviously 

the only way ths additional solids loadng could be handled isby 
constructing additonal solds handlng faclites for this excess materialAs part of 

this 
study sample of the mxed contents n the storage tank wastaken and 

allowed 
to settle (see Secton IV). The Intal sample had a sus¬pended solids 

concentraton of l8l mg/1 and the settled sludge compacted to7,400 mg/1. occupying 
0% of the orgnal volume, resulting In a of50 the solids were allowed 
to settle In ths manner and the super¬natant pumped or to the treatment 

pant, the hydraulc loading onthe dry-weather treatment plant would be 
almost identcal to that describedearlier for pump/bleedback of the entire 

contents. 
However, if the superna¬tant had a suspended solds concentraton of 35 

mg/1, as found in the settlingtests, the Increase in solds loadng would be as 
follows: duraton6 12 24 48 72 96 % increase n solds 

loadng834221175From 
this 

data 
it 

would 
appear 

that 

pump/bleedback 

to the dry-weather 

treat¬ment 

plant of the supernatant from settlng would be possible from a soldsloading 
consderation over a perod of more than two days. However, thelimitng factor 

in ths case would be the hydraulc loadng.The settled sludge at a sods 
concentraton of 1.74 woud consttute avolume of 8.213 cu m 

(2.17 
mllon gal.) resulting from a ranfall of 2.54 cm(1.0 In Direct haulng 

of this volume of sludge would appear to be bothvery expensive (at [10/gal 
this would amount to $217.000) and be impractcal. Threfore a further solids 

concentration stepwould be required.It was found from the bench scale testng 
(Secton V) that centrfugation wasthe optmum dewaterng method. It s estmated that a settled 

sludge of 1.74can be increased to 30% solds through centrlfugatlon with polymer 
addition.The qualty should have a suspended solds concentration ofapproxmately 

110 mg/1 and the volume of would be 7.835 cu (207mllion gal If ths 
materal were to be the increase in soldsand hydraulic loading would 

not be sgnfcant. The solids at a 30% concen¬traton from the centrifuge 
will amount to volume of 363 cu m (96,000 gal.)whch can be directly hauled 

to ultmate dsposal at a reasonable cost.probably less than $10.000 as opposed 
to the $217,000 cost of haulng theraw sudge.A unque consderaton for Mlwaukee 
Is the fact that their waste activatedsludge converted to a commercal fertlizer known as Thus,even If the sewerage system and solds handling 
faciltes 

were adequate to07 



handle the solids beng the effect on the productonprocess may be the 
most sgnfcant.Cambrdge MA - DetentonThe 

detenton tank used to 

treat 
combined sewer overflows In Cambrdge, MAknown as the Cottage Farm 

faclty, Is actualy a combnaton storage and "rough" sedimentaton tank. The 
total holding volume of thefacty Is approxmatey 4.920 cu m (1.3 mllion gal.) 

wth the storage tanks havng a volume of 4.550 cu m (1.2 mllon gal Thefaclty 
was desgned to handle an average of 22 overflows per year rangngfrom 

1,514 to 302,800 cu m (0.4 to 80 mllion gal.) wth an average overflowvolume 
of 23,845 cu m (6.3 mllon gal.) and a total of 15% of the overflowbeng 

retaned (12). The desgn crtera used In choosng the 15 total cap¬ture Is not 
fully understood. During actual testing of the faclty theaverage overflow was 

33,308 cu (8.8 mllon galThe detention faclity receves overflow from 

a combined sewer area of 13,500ha (33333 acres); 

however, 
there are many overflow from ths systeIn addton to that dschargng Into 

the detenton faclity. There are onlyan addtonal ,270 ha (3,136 acres) of 
combned sewers present whch are notconnected n any way to the Cambrdge overflow 

faclty. Thus, there are atota of 14.770 ha (36,470 acres) of combned 
sewered 

area out of total of105,624 ha (259.911 acres) of sewered area In 
the 

metropoltan area.However, many of the combined sewers are In the process 
of 

beng separated.Usng the unt rainfall analyss, 2.54 cm (1.0 In.) of 
ranfall wll resultn an overflow volume (assumng 50 of the ranfall result 

In 
overflow) of1.87 mll Ion cu m (495.3 l ton gal Extrapolating on the 15 

retentionvolume used in the demonstraton system, the resultng holdng voume 
wouldbe 280.000 cu m (74.3 million gal.) and the bypass volume would be 1.59mll 

ion cu m (421.0 mill on gal Durng the actual overflow perod whenthe sludge 
samples were taken and analyzed as part of ths stud, the rawflow had 

a suspended solld concentraton of 165 mg/1 and the effluent concen¬traton 
was 93 mg/1. ettled sludge had a concentraton of 4.4%. ThusIf the same 

remval effcences and sludge concentratons are applied tothe unt ranfal analyss, 
a total of 61,1 kg (355.046 Ibs) of soldswould be produced and 3671 cu m 
(968.000 gal.) of sludge at a 4.4% concen¬traton would result. It must 

also be noted that this hypothetcal exampleIs based on the alowance that 
1.59 mll Ion cu m (421 l I ton gal of overflowbe dscharged to the recevng 

body of water after and thesuspended solds concentratons would be about 10 
mg/1 n the effluent.There are two treatment pants, the Deer sand and Nut Island 

plants, servngthe entre 105.624 ha (259,911 acre) metropoltan area (3). 
However, theCottage Fa,'m faclty drans to an Interceptor sewer leadng to 

the 
DeerIsland treatment plant. Ths plant has an average design capacty of1.298,255 

cu m/day (343 mgd), wth a maximum 24 hour capacity of 2,172.590 cu 
mday (574 consists of screenng and grit removal (located atdscrete where 

the feedng sewers termnate), prmary sedmentaton, and post Sludge 
treatmentconsists of gravty thckenng, digestion and ocean disposal.08 



The sludge handlng capacity Is 1,514 cu m/day (0.4 mgd). During 1973 
theaverage dally flow to the Deer Island Treatment Plant was 1,298,255 cu m/day(343 

mgd) and the average dally sudge production was 1,200 cu m/day (0.3 mgd)or 
84.600 kg (188.000 

Ibs).Examining 
the feasblty of pump/bleedback as opposed to on-ste treatmentof the 

sludge, It Is obvous that the exsting plant could easily handle theaddtonal 
hydraulc loadng of 280,000 cu (74,3 mllon gal.) In a perodof 24 to 48 hours. 

The excess sludge handlng capacit s approxmately18.160 kg/day (40.000 
Thus pump/bleedback of the tank contents atthe rate of 18,160 kg/day 

(40,000 woud take approxmately nne days.Pump/bleedback at the rate of 22,700 
kg/day (50,000 and 27.240 kg/day(60,000 would reduce the requred time to seven 

days and six days.respectvely. For overflows havng lower solids concentrations 
the pump concept would take proportonately less time.From the above 

calculatons, It appears that the concept of sludge 
pump 

to the dry-weather treatment plant may be feasble; however, itmust be 
noted agan that only 5% of the total overfow Is retaned and ofthe 85% of 
the overflow stll dschargng to the recevng body of water, thesuspended 

solds concentraton would be approxmately 100 mg/1. It was alsoassumed that the 
solds beng pumped or were hed n suspenson Inthe sewerage system and did ot 

settle out before reachng the treatment plant.Althouh It has just been shn 
that pump/bleedback from this type of systemmay be feasible In Cambridge from 

a hydraulic and solds loading standpoint,the practcalty of sludge pump/bleedback 
has not been examned. The DeerIsland treatment plant has a raw sludge 

volatle solds percentage of 70.4and a dgested sludge volatle percentage of 
47.7. The volatle percentageof the sludge analyzed from the Cottage Farm 

faclty was 376 whle the sus¬pended solds content of the settled sludge on 
the bottom of the detentiontank was 4.4%.Another signfcant concern when studyng 

the posblit of sludge pump that Is especally sgnficant In the case of 
Cambrdge is 

theheavy 
metal concentratons. Wth the excepton of mercury, the heavy 

metalconcentratons are ver hgh, and In some cases an order of magntude higherthan 
the concentrations found at other stes. Below are the heavy metal 

andanalytcal results:Wet bass, mg/1 Dry bass, 
mg/kgZncLeadCopperNckelChromiumMercury1201609616331.559461.2617571262600.0109 



Even if a 1:100 dluton were to occur durng pump/bleedback, the effect of the 

heavy metals may upset treatment or digeston. Also If amajority of the 

heavy metals were found to be in the form, thenthe hgh concentratons would 
be very dangerous t digeston. of the settled sludge was 

found 

from the laboratory tests to bethe most optimum method of dewatering with 
an 

expected solds concentration of20% at 90% recovery and a sludge volume redction 
of 89%. Thus, If the settledsludge produced from the treatment of 2,54 

cm 
(1.0 In.) ran, whch Icalculated to be 2,671 cu m (968.000 gal.) at 

4.% solds concentraton,were subjected to this would result a volume 
of3.267 cu m (861,500 ga.) at approxmately 2,500 suspended solids concen¬traton 

of 20% suspended solds. Assumng that ocean dsposal of sludge spermtted there 
would be two apparent alternatve methods of sold handing.These would be 

1) sludge pump/bleedback to the sewerage system and treatmentplant or 2) drect 
dsposal from the treatment ste to the ocean. The onlyway the second choice 

would be consdered the most attractve alternatve woudbe if t was felt that 
pump/bleedback to the sewerage system would causesevere solds depostion or 

the sludge would receive no benefitby going through digestion and only 
reduce the effective digestion volumeavailable for the normal treatment plant 

sludge.If ocean dsposal Is not permssble It wll be necessary for not 
only 

thesludge from the detention facltes but also 

the sludges from the drweathertreatment plant to be dsposed of on land n 
some form. Therfore t wouldbe necessary to take the digested sludge now being 
transferred to sea and putths sudge through further dewaterng step(s) 

before finaly dsposng ofit on the land Again there are two alternatves If ocean 
dsposal Is notpermtted. These are 1) sludge pump/bleedback to the sewerage 

system andtreatment plan wth the sludge beng thckened, dgested, anddsposed 
of wth the normal treatment plant sludge and 2) on ste sludgecentrlfugatlon 

folowed by dsposa wth the to the seweragesystem. The objectves 
to the frst altrnatves are the same as In theprevous cases. However, 

assumng pump/bleedback Is feasble, the comparsonbetween the two alternatves Is 
whether It Is more economcal to re-thicken,digest and the sludge at the 

treatment plant or to centrifuge theslude at the detention tanks and dspose 
of It. Also, If the sudgewere to be sent back to the dry-weather treatment 

plant there is thepossiblity that some of the grit would not be removed by 
the existng grtfacltes and therefore addtonal classfcaton equipment 
may be requred.It s estimated that the operatng costs for centrlfugatlon 

would be 84/cu m(0.32/gal.) or 2/k (0.9/lb). Ths cost does not Include 
amortzaton ofthe captal equpment costs. The operatng cost would then have to 
be com¬pared to the handlng costs at the treatment plant and the lesser 

chosen.Ths type of comparson assumes, however, that land dsposal of the sludge 
(at 37% voatle solds) would be permissble without any diges¬ton or oxdaton 

step such as lme stablzaton. It estimated that theland dsposal costs 
of the sludge would b approximately the samefor both alternatves. Some recen 

land (or alternatve) dsposal methodcosts are lsted below (39).110 



MethodIne 

to landTrench 

to landRail 

to 

landDryngCompostIncnerationPhiladelpha. 

PA - ScreenngCost 

range/g—————ib 

0.55 - 2.20 

0.25 
- 1.02.20 - 0.50 

1.0 
- 2.53.30 - 11.0 

1.5 
- 5.03.3 5.5 .5 - 

5.00.55 1.1 0.25 

0.54.4 - 5.5 2.0 - 

2.5Studyng the 

feasblty 

of on ste treatment compard to sludge pump/bleedbackfor the treatment system 
beng tested In Phladelpha requres a great deal ofdata synthess snce the flow 

capacity and dranage area of the study ste Isso small compared to the large 
combned sewer area In the Cty of Phadepha.The 23 v unt In operaton has an average 

design capacity of1000 (25 and serves an area of 4,5 ha (11.1 acres). 
Theentre sewered area of metropoltan Phadelpha is 92,600 ha (228,600 

acres)wth he combned sewer area beng 64,800 ha (160,000 acres). Usng a unitranfal 
analyss (1.0 Inch [2.54 cm wth the assumption that half of theranfall 

results In overflow the total ovrflow volume treated would be8,221.020 cu m 
(2.172 mllon gal From actual operatng data (40) It Isestmated that a 

backwash 
sudge volume of 520,000 cu m (37 millon gal.)would be produced at 

suspended solds concentraton of 2,000 mg/1 resultnIn a dry solds producton 
of 1,045,000 kg (2.300.000 Ibs).The metropoltan Phladelpha area Is served by 
three sewage treatment plants—the Northeast, Southeast and 

plants. The plant, whch hassecondary treatment, has a desgn capacty of 662,375 
cu m/day (175 mgd) andn 1972 the average dally flow was 681,300 cu m/day 

(180 mgd). The sludgefrom the plant Is dgested and then barged to sea for 
ultmate 

dsposalDuring 1972 the average daly sludge producton was 2,157 cu 
m/day (0.57 mgd)wh an average suspended solids concentration of 4.4% (94,962 

kg [209,167 IbThe other two treatment plants consst of only prmary treatmnt 
wth acumulatve desgn flow rate of 1,029,520 cu m/day (272 mgd), and an actualcumulatve 

flow rate of 991,670 cu m/day (262 mgd) durng 1972. The sludgefrom 
the Southeast plant Is pped to the plnt where It s dgested, and then 

prior to barging. During 1972 the cumulatvesludge producton was 3,255 cu 
(0.86 mgd), wth an average suspendedsolds concentraton of 5.4% (175.850 kg 

[387,310 Ibs The combned solidshandling capacty of the plant is estimated to 
be about 20% hgher thanactually used In 1972. However, there presently 

exsts a restricton aganstincreasing the amount of sludge barged to sea. whch 
In 

effect means thatany addtonal sludge produced by the Cty of Phladelpha 
wll have to bedsposed of by an alternate means.Studyng the feasblty of sludge 

to the Phladelpha plants for dgeston purposes, wth alternate dsposal 
beng other than to the 



ocean, the increases in daily solds producton are as follows for 
variouspump/bleedback periods 

duration 
days increase 

in 
olids1 3853 275 767 549 42It 

would 

appear 

that 
the 

shortest 
pump/bleedback duration possble wth aslight overload on the dryweather 

treatment plant, would be at least ninedays Ths length of tme would 
allow the possblt of odorferous con¬ditons to occur and the solds would surely 

settle out n the backwashholding tank (uness some means of aeraton 
were Impemented). The settngof the solds would have no sgnfcant effect (other 

than a hgher pump concentraton when the bottom sludge was beng removed) 
provdedthat provsons for the removal of the sludge were made.Once the 

sludge is dgested at the treatment plant, the sludge n 
excess 

ofthe present dally producton must be splt off and disposed of In some 
othermanner than ocean disposal. Regardless of the alternate type of 

dsposalchosen 
some type of dewaterng step wll most likely be utlzed to 

mnimzedisposal 
transportaton costs. It Is calculated for Phladelphas annualranfall 

of 
about 102 cm (40 In.) that the weght of sludge produced fromcombned sewer 

overflow treatment by would be approxmately38% of the total annual 
sludge produced by the eistng treatment plants.Even If only half the annual 

overflow In the CSO area were treated, theweght of sudge would stl be 19% 
of Padephias annua production.Snce hese addtional dewaterng faclties 

wll be requred eiher at thecombned sewer overflow stes themselves or on 
the 

grounds of the conventionaltreatment plants, the major factors In decdng 
where the solds handlngfacltes should be ocated would b the effect of the extra 

solids on thedryweather plant (primary sedmentaton sludge removal 
facltes), 

the n¬cessty of dgestion, and the cost of many separate sludge handlng 
factescompared to one or two facltes located at the dry-weather treatment 

plants.The obvous effect on the dryweathr treatment plant Is the Increased 
soldsoadng resultng In an increased sludge volume which must be handled, thusreducng 

the effectve processng tme for the conventonal plant dryweathersludges. In 
the case of the combned sewer overflow sludge at the Phladelphatest ste, 

as 
Is the case for most stes, the volate percentage of thesuspended solds was 

very low (25 From ths fact It can be seen thatconventonal or dgeston wll have 
lttle effect on reducngthe volate content of ths sudge. Thus, pumping 

or bleedng the sludgeback to the treament plant wll only displace volume 
In the dgestrs andreduce the effctive dgeston perod of th conventonal plant 

solds.112 



One method of reducng the volume of wet weather sludge that woud utzedry-weather 
sludge digeston facltes would be to the wet weathersludge pror to 

dgeston. By much of the Inert materal (thatnot amenable to dgeston) could 
be separated pror to dgestion, thus greatlyreducng the ltmate volume of wet 

weather sludge to be handled. Obvously.the optmum locaton for this sludge 
would be at the wet weathertreatment ste Itself, pror to pump/bleedback Into 

the sewerage system.However, n actual applcaton It would have to be 
determned 

If the hghlyInert wet weather sludge were discharged Into the sewerage 
system and diluted.would the inert material In fact be removed by the 

conventonal 
grt removalfacltes at the dry-weather plant,egardng the matter of cost. 

It Is obvous In the case of solds 

handlngthat the larger the capacity of the faclty, the lower the unt cost 
wll be.However. In this partcular case. If It s assured that digeston Is 

notrequred 
for the combned sewer overflow produced sludges. It wuld still 

benecessary to Increase the szes of the digeston equpment at the conventonaltreatment 
plant unless facltes were constructed snce thecombined sewer overflow 

sludge wold be xed with the conventional plantsolds. f on-ste treatment 
of the solids were utlized only thckenngand centrfuga Ion or vacuum 

fltration 
would be required. The solds couldthen be transported to ultmate 

dsposal.The thckening process could serve a dual function b acting as a holdng 
tank(or vce versa), reducing the flow 

rate 
to the dewaterng process andresulting In a smaller capacity unt. Also an 

economc study could beperformed to determne If a centrally located dewatering 
faclty, wth thesludges from the combned sewer overflow sites beng 

pumped to ths site,could be constructed and operated at a lower cost than 
dscrete 

on-ste unts.Thus for the case of Philadelpha, a 1e cty wth a hgh 
percentage of Itsdranage area being served by combned sewers a pump/bleedback of 

soldsproduced from combned sewer overflow treatment does not appear to be 
theobvous soluton for handlng the wet weather sludges. The optimum solutoncan 

only be determned by comparing the specifc costs of on-ste treatmentfaciltes 
versus the facltes needed for pump/bleedback. Fgure 42Illustrates the 

requrements of either alternative.PHYSICAL CHEMICAL TREATMENTRacne. Wl - 
FlotatonThe combned sewer overflow facltes In Racne, W from whch sludge 

sampleswere obtaned for ths study utlze the 

flotatonprocess. 
The facltes 

consst 
of two adjacent but separate treatment 

plantshavng capactes of 166,540 cu m/day (44 mgd) and 52,990 cu m/day (14 for a 
combned capacty of 219,530 cu m/day (58 mgd). The unts serve acombned 

sewer 
area of 190 ha (470 acres) and are dsgned to handle a 1.27 (0.5 rainfall. 

The floated scum from the flotaton unts plusthe screen backwash Is retained 
In hodng tanks untl after the evel In theInterceptor sewer leadng to 

the treatment plant drops to such level thatthe tanks can be bled Into the 
Interceptor.13 



Alternate 1 Alternate 2 

TREATET PUMP/BLEEDBACKCSO 

SLUDGEHoldng 

Faclty 

AeratonCentrlfugatlon———————— 

———— - 

II 2Stablzaton 
(e.g. lme)VUltmate DsposalCSO 

SLUDGE\Holdng 
FaciltyvAeraton 

\Pump/Bleed 
back\ 

Expanson 

of 

Prmary 

Sedmentatonand 

Sludge 

Remova 

FactesIncrease 

Dgester 

FacltesUltmate 

Dsposal1. Depndng on the desgn 
rate of the centrlfugatlon 

faclty.2. 
May or may not be 

needed, 
dependng on 

regulations.3. facltes only requred In one of the two locations 

shownFgure 42. Comparson of the requirements ofon-ste 

treatment of wet weather sludges versus to the dry-weather treatment 

plant4 



The existing dry-weather treatment plant servng the Cty of Racine consstsof 
full prmary treatment rated at 87,055 cu m/day (23 mgd) and secondarytreatment 

(actvated sludge) rated at 45,420 cu m/day (12 mgd). Durng thecalendar 
year of 1973 the average daily flow was 91,597 cu m/day (24.2 mgd).Waste 

activated sludge s returned to the prmary sedmentation tanks whereIt settled 
out with the prmary sludge and ths sludge Is then digested and vacuum 

filtered. The sludge Is then dsposed of at a and¬fll ste. The total volume of 

the two stage dgeston sstem Is 7570 cu m(2 In 1973 an average of 341 cu 
m/day (90.090 gal.day) of sludge at asolds concentration of 7.48% resultng 
In 

25,450 kg/day (56.080 ofdry solds was produced.Scaling up the 
screenng/dssolved 

ar flotaton units 

to treat the entrecombned swer overflow area (284 ha [701 acres for a 
2.54 

cm (1.0 n.)ranfall the volume of overflow Is estimated to be 35.957 cu 
m (9.5 mil 1 Ion 1From operatng experience at the combned sewer overflow 

treatment 

sites in1972 and 1973 It Is estmated that 1.798 cu m (0.47 mllon gal.) of 
sludgeat a suspended solds concentraton of 8,400 mg/1 would be produced. 

Itshould 
be noted that the low solids concentration Is caused by mxing 

thefloated scum and screen backwash. The foated scum aone can be expected tohave 
a solids concentraton of 2.4%; however, the dilute screen backwash(<3000 

mg/1) causes the resultant sludge the holdng tanks to be of verylow 
solids concentraton.Examning the feasiblty of sludge pump/bleedback In Racne, 

It s obvousthat the 

1,798 
cu m (0.47 mllion gal.) of sludge at a concentration of8,400 could be 

handled by the dryweather plant over a one to two dayperod wth no 
signfcant 

increase In flo. However, at the present tmethe average daily fow to 
the treatment plant is greater than desgn, so eventhough the flow would 

be 
a small percentage Increase. It would be flow abovethe capacty of the plant. 
From a sods oadng standpont, the of 14,982 kg (33,000 Ibs) of solids would 

represent the following percentageIncrease:% Increase Perod, days In sol 
Ids 592 293 204 155 126 0From the above data it would appear that sludge 

pump/bleedback 
would 

befeasible oer perod of greater than 

two 

days. 

However, 

at 

the 

presenttme the dgeston and solids handling capacity of the Racne 
treatment 

plantis rated at 22,700 kg/day (50.000 Therefore the plant is 
alreadyoperating above capacity and theoretcally coud not hande any more thus 

necesstatng on-ste treatment of the solids. However, the Racnetreatment plant 

Is scheduled to undergo expansion In the near future and thepossblty of 
utlzng sludge pump/bleedback of the combned sewer overflow15 



sludge would be greatly Improved If th nw solds handlng faclts hadthe 
capacity 

to handle these extra solds.Makn a 

rough 
economic comparson of the costs (captal and operatng) ofbuldng addtonal 

solds handling facltes at the exsting dry-weatherplant versus buldng a 
centrazed wetweather sludge faclty, the data generated by (21) n 1968 can be 

used. Although these costs are outdated,they ar vald for use n makng a relatve 
comparson assumng qual escala¬ton of all costs. The addtonal dryweather 

sludge handlng facltes(includng thckenng, dgeston dewaterng and are estmated 
tohave an annual captal and operatng cost of l.l-5.5/kg dry solds ($10-50ton) 

wth an average cost of 2.8/g ($25/ton) Ths cost does not reflectany 
addtons 

for faciltes whch may be necessary. However, If facltes were used, the 
amount of solds sent on to furtherdgeston and dewaterng would be reduced, 
thus lowerng those costs.A centralzed wet weather solds handlng faclty 
consstng of thckenng,centrfuga on and Is estmated to have an annual 

captal andoperatng cost of 0.8-5.0/kg dry solds ($7.5"$45/ton) with an 
average costof 2.0/kg ($18/ton). Although the cost for on-ste treatment of the 

soldsIs shown to be 0.8/g ($7.5/ton) cheaper than constructon and operation 
atthe dryweather plant, It must be realzd that no provisons were made 

forstablzng 
the hghly Inert (only 40% volatle) wet weather sludges. fstablzaton 

Is 
requred, then the assocated costs for ths process mustbe consdered.If 

on-ste 
treatment were utlzed for solds handlng, It Is calculated thatby 

subjectng the screen backwash to thckenng the net volume of sudge tobe handled 
can be 

reduced 

to 378 cu m 0.1 mllon gal.) wth the supernatantfrom thckenng beng returned 

to the sewage treatment plant. Ths 378 cu m(0.1 mlon ga.) at a suspended 
solds 

concentraton of 4.% woud be by centrlfugatlon to an expected cake solds of 
11-33% at 93-96%corrected recovery. At the epected cake solids the ultmate 
sludge to bedsposed of would be reduced to a volume of 50-150 cu m 

(0.013-0.04 mllongal Over the course of a year, based on an estimaed 75 cm (30 
In.) ofranfall, the total volume of sludge to be hauled to land dsposal 

would be1500-4500 cu m (0.4-1.2 mllon gal.) Of course the volume of tobe 

handled would be proportionately less for any amounts generted by lessthan 
75 cm (30 In.) of ranfall f t were decded to treat less.Mlwaukee, Wl - 

FlotatonThe dissolved-ar flotaon combined sewer overflow treatment ste 
nMlwaukee, (the Hawley Road ste) Is 18,925 cu mday (5 mgd) plot untand 

served as the forerunner of the system constructed In Racine, Wl. 

Thesystem does In fact contan screenng 

unt, as In Racne, but snce ths wasa plot facty, the screen backwash 
fows drecty to santary swer nearthe treatment se. Therefore, the screen 

backwash was not mxed wth thefloated scum from fotaton and was not part 
of the laboratory tests henceths case Is. beng studed as only dssolved ar 

flotaton. Ths assumptions certanly vald snce the screenngs, In a full scale 
applcation 

wouldprobably have a very hgh content and could be elutrated and 
dsposed of116 



drectly to landfl ste. However, as seen by the Phladelpha discussonearlier, 
If a fnal study were beng performed to decide whch alternativewould be 

optmum, serous consderaton wod have to be gven to the volumeand weight of sol 
Ids in the backwash.The sewage 

treatment 

faciltes in Milwaukee were descrbed earler In thssecton, and of course 

apply to ths analysis also. In summar, the averagedally flow at the treatment 
plant Is 651.020 cu m/day (172 mgd) wth a dallysolds loadng of 153.517 

kg/day (338.143 and the waste activatedsludge from secondary treatment Is 
ultmately marketed as fertlzer.Usng the unit ranfall analysis as the 

bass for comparison It Is calculatedthat a 2.54 cm (1.0 In.) rainfall over the 

7,000 ha (17,300 acres) of combnedsewer area would result a treated overfow 

volume of 885,690 cu m (234millon gal From ths It s estmated that the 
flotaton process wouldproduce about 3.200 cu m (0.85 mllon gal.) of sludge 

at a solds concentra¬tion of 3.65% for a total dry weght of 16.919 kg (257.630 
Ibs). Thecalculated increase n solds loading at the Jones Island 

treatment plantfor various pump/bleedback durations would be as 
follows:Pump/bleedback 

peroddays% IncreaseIn sol Ids1 762 383 254 
195 

156 137 11Based on 

the preises that 

the sludge 
could be 

transported 

to 

the 

treatmentplant 

In the sewerage system wthout settlng, and that the solds couldbe 
removed at the treatment plant, then the slight excess capacty for 

solidshandling 
at the Jones Island treament plant would make pump/bleedbackfeasble 

over approxmately a four day perod. Agan It s noted that thescreen 
backwash 

has not been consdered.However the logstic feasiblty of pumping or 
bleeding back this sludgebecomes 

questonable 

when t is consdered that the sludge has alreadyacheved a solds 
concentraton 

of 3.65% in the flotaton process. It appearsto be somewhat a 
wasted effort to dlute these solds In the sewerage systemand then use space In 

the gravty at the Jones Island treatmentplant to re-thcken these solds to 
ther orgnal state. It should alsobe noted that the Jones Island treatment 

plant utlzes grt chambers followedby screenng rather than prmary sedmentaton, 
and the solds pumped or bledback that were removed n screenng would be 

subjected to Incneraton. Thefuel value of the floated scum at Hawley Road was 
determned to be ,654cal/gm (2996 whch is not especally good for ncneraton 

purposes.However. upon further study It was found that the pumped or 
sludgegong to and beng removed in the fnal contaned sgnficantconcentrations of 

ntrogen and phosphorus, then the sludge may prove17 



advantageous In the producton of However agan t Is foundthat the volatle 
solds percentage of the sudge I on the low sde, 32%,and ths casts doubt 

upon the qualty of ths materal as a fertzer. Itaso indcated that the sludge 
may have a hgh grt content and thereforeexpanson of the exsting grt removal 

facltes would probably be requredIf the slude were to go to the dry-weather 
plant.The type of onste treatment chosen as 

best 
In the aboratory testing wasdirect centrlfugatlon of the floated scum. 

The bench scale tests Indcatedthat a 20% cake solds could be achieved, wth 
a suspended solidsconcentraton of 200 mg/1 through centrlfugatlon The 

cake 
solds would haveto be hauled to a and ste for ultmate dsposal.San Francsco. 
CA - Dssolved-AIr FlotatonThe combined sewer 

overflow 
prototype unt n San Francsco Is 

smilar 

tothose found in Racine and Mlwaukee, wth the exception that screenngdoes 
not precede flotaton. The test unt serves an area of 68 ha (168 

acres)whle 
the entire dranage area of the city (all of which is served by 

combinedsewers) 
Is 12.150 ha (30.000 acres). Applyn the unt ranfall analyssan estmated 

overflow volume of 1,540.500 cu m (407 mllon gal.) would beproduced. 
Estmatng the volume and solds concentraton of the sludgeproduced for ths 
test 

ste was very dffcult. The grab sample taken ofthe floated scum durng 
ths project had a suspended solds concentraton of2.25%, however, operating 

data from the San Francsco stes ndcates that afloat concentraton of 
10002000 mg/1 can be expected. Also, the combnedsewer overflow at the San Francsco 

ste has a very low average raw suspendedsolds concentraton and thus 
the net suspended solds removals are only inthe range of 20 mg/For a volume of 

1,540,500 cu m (407 mllon gal.) ths 20 would amountto 30,821 kg (67.800 
Ibs) of solds. At a 

concentraton of 1,000 mg/1 thswould be a volume of 30.772 cu m (8 mllon gal.) 
at a 2.25% concentraton volume would be 1,363 cu m (0.36 mll on galThe 

metropotan San Francisco area Is served by three separate primarysewage treatment 
plants with a total desgn capacity of 1,35,500 cu 

mday(300 mgd). An estimated 57,000 kg (125.000 Ibs) of solds are 
gravtythckened, digested, and vacuum fltered (to a solds concentraton of >25%) 

before beng dsposed of In a landfill or used as a soilcondtoner. The 
volume of sludge produced from combned sewer overflowstes (,363 or 30.772 

cu m E0.36 to 8 mllon gal could be pumped or bled"back to the treatment 
plants wthout any hydraulic problems. Although thepresent solids handling 

facltes at San Francisco are running at capacity,pump/bleedback of the 30,83 

kg (67,880 Ibs) of solds over a two to threeday perod would onl increase 

the loading on the solds handlng faciltiesby a matter of about 5%. However 

an especally Important aspect of pump whch must be consdered the case of 

San Francsco s the soldsremoval effciences beng achieved at the treatment 
plant. In San Fran¬cisco. the weighted average removal of suspended sods Is 

approxmatey50%. Assumng these removal effcences held true durng perods of 

sludgepump/bleedback, then half of the solds whch were removed at the 
combned118 



sewer overflow faciltes would escape In the effluent from the dryweathertreatmnt 

plant.Ironcally, 

although the hydraulc and solds loadngs appear to be feasbleIn the 
case 

of the San Francisco test ste, the low suspended solds removalsacheved at 
the dryweather treatment plant would make solds Impossble. Thus for San 

Francsco 
it would appear that on-ste treatment isnecessary In order to make the 

effort put nto treatng the combned seweroverflow worthhle. The on-ste 
treatment 

process found to be best forSan Francisco conssted of thckenng 
followed by vacuum fltraton. Sncethe solds produced from the treatment of the 

combined overflow mst be storedon-ste untl the flow rate in the sewer decreases 
If pump/bleedback Is gongto be utlzed, the requrements are not really an 

extra cost.However, f the concntraton of the flotaton scum can be 
consistently Inthe vcnty of 2% rather than 1,000-2.000 mg/1. the sze of the 

holdng tankcoud be greatly reduced. It Is estmated that utlzng vacuum fltraton 
onthe floated scum n excess of 2%, a cake of 18% solds could be acheved.Ths 
would result In net volume of <l71 cu m (45,000 gal.) of sludge to behauled 

away. If the scum from flotaton s very dlute and must be thckenedto 0.5-1.5% 
pror to vacuu fltration, Is estimated that the cake solidsproduced would 

be 10-20%. Ths would result In a volume for dsposal of150-300 cu m 
(40.000-80.000 galBIOLOGICAL TREATMENTKenosha, Wl - Contact StablzatonThe 
combned sewer overflow treatment 

system 

tested In Kenosha 

Is signifcant¬ly dfferent than 
those 

dscussed earler In ths report because t Is locatdon same grounds as the 
exstng conventonal dryweather treatment plant.In fact, snce the system utlzes 
biologcal treatment It depends on thedryweather plant as a source of active 

Waste 
actvated sludge fromthe dry-weather treatment plant Is contnuously fed 

through the combned seweroverflow treatment system stabilzaton tank, where 
It has a hydraulicretention tme of approximately five days before gong on to 

flotationthckenng When the combned sewer overflw treatment system s put 
ntooperaton, the contents of the stabilizaton tank are pumped to a 

contact tank(mxed lquor aeraton) Instead of to thckenng. A complete descrpton 
ofthe system operation can be found In Appendx A.The conventonal dryweather 

treatment plant at Kenosha s 87.055 cu m/day(23 mgd) actvated sludge 
process. Waste actvated sludge, approxmately314 cu 

m/day (0.083 mgd) at a solids concentraton of 1.47% (approximately4.540 
kg/day 

[10,000 s flotaton thickened to about a 5% soldsconcentraton before 
gong on to digeston. The dgested solds arethen further by means of a 

flter press.The total daly loadng on the dgesters, prmary and waste actvated 
sludgecombined. Is 190 cu m/day (0.05 mgd) resultng In dry solds weght 

of11.035 kg (24.307 Ibs). When the addtonal loadng 
of 

solds due tocombned sewer overflow treatment Is consdered the stablizaton 
tank must119 



be examned as the source of these solds. Ths Is due to the fact that 
thecontact 

stablzaton process does not utle any prmary sedmentation,therefore 
all solds both matter and converted Into settle out n the fnal clarlfler 

as part of the sludge blanket.Ths sludge then returned to the stablizaton 
tank as part of the wastesludge. The excess solds produced as a result 

of the treatment of the com¬bned sewer overflow wll ether cause an Increase 

n the blanket depth ofthe fnal clarlfler necesstatng an Increase In the 
flow rate to the stabl¬zaton tank. or cause the sludge blanket, and thus the 

sludge pumped to thestablzaton tank, to have a hgher solds concentraton.The 
entre sewered area of Kenosha 3,735 ha (9,222 acres) of 

whch 
539 ha1,331 acres) are combned. Assuming the excess flow can be conveyed 

to thetreatment plant and that adequate combned sewer overflow tratment 
factescan be constructed, ft s estimated that a 2.54 cm (1.0 n. ranfall wouldresut 

In an exces flow volume of 68.130 cu (18 From actual operatngdata n 
Kenosha (36) Is estmated that the treatment of ths volume wouldproduce 23,850 

kg (53,530 Ibs) of solds whch consttutes a volume of 2,384cu m (630,000 gal.) 
at a concentraton of 1%. Also, the sample of the sludgeanalyzed as part of 
ths study had a relatvely hgh volatie solds percent(63.0, thus necesstatng 

dgeston before gong to and dsposalThe alternatves available In the case of 
Kenosha are not really whether pump Is feasble or not. but rather 

whether the exstng form of sludgehandlng should be expanded and utlzed or whether 
an alternate method shouldbe emploed for sludge handng. Ths Is the case 

for centrlly located wetweather systems as opposed to satellte treatment systems 
whch face the pump queston. Therefore, there be three actual alternatves;1) 

enlarge as necessary the exstng flotaton thckenng, dgeston, and faclts, 
2) 

buld completly separate thcknng and dewaterngfacltes (assumng dgeston Is 
not requrd) or 3) use s of t xstngsludg handln facltes and also contruct 

addtonal n Assumng that ths excess sludge must be subjected to dgeston, and based 
onthe fact that the existng dgesters are already at capacty, It appearsobvous 
that addtonal dgesters would be requred. However. 1972 operatngdata from 

the Kenosha treatment plant Indcated that the flotaton were only operated at 
an average daly loadng of 20 m (4.1 (3) If It Is estmated that loadngs 

of up to 00 m (-20 Ibsday/ft are possble (3). then the exstng could easly 
handlethe addtonal solds wthn two days. Thus, only addtonal dgesters wouldbe 
needed snce the filter press facltes are also capable of handlng theexcess 

sol ds.If dgestion Is not required, It would appear from the bench scale 
testngdone that thckenng followed by vacuum fltraton or centrlfugatlon wouldbe the 

optmum combnaton to utle. Wth ether procedure a cak soldsconcentraton of at 
least 5% should be attanabe. Ths would reduce thevolume of sludge to be 

ultmatel dsposed 

of from 2,384 cu m (630,000 gal.)down to approxmately 159 c 2,000 gal 
Agan 

as In the case above,the exting flotaton equpent could be utlzed wth new 
dewaterngfaltes provded. It should be noted here that f the thckened 

solds120 



could go straght to dewaterng pror to dsposal, the feasblity ofutlng 
the excess fter press capacty for dewaterng the undgestedsludge should 

be 
teted and the results compared to those obtaned In thetests for dewaterng 

undigested sludge by means of vacuum fltraton and Another aspect of 
the Kenosha system whch could posblyrender dgeston unnecessary Is the fact 

that the stablaton tank alsoserves as an dgester. Therefore, the excess 
solds produced as aresult of combned sewer overflow treatment were wthdrawn 
from the stabli¬zaton tank over a perod of than two days It can be expected 

that asgnifcant destructon In the volatle solds concentraton may occur.The 
alternatve of buldng all new facltes does not seem practcal In 

anysituaton. 
The fact that excess capacity Is avalable In the exstingflotaton 

coupled wth the amenablty of bologcal sludges toflotaton thckenn, makes 
the use of these facltes mperatve. The onlydecson to be made, if In fact 

complete combned sewer ovrflow treatmentwere carred out In Kenosha. would be 
whether to expand the extng dgestionfacltes or to buld separate mechanical 

dewaterng facltes (vacuumfltraton or centrlfugatlon) or to use the exstng flter 
press faclitesIf possble. From an economc standpont. It appears possble 
In Kenoshaf satsfactory dgton were accomplshed In the stabaton tank, that 

theexistng flotation and flter press would be suffcent to handethe extra 
wet weather solds and no new facltes would be requred.New Provdence, NJ 

Trcklng 
FlterOf all the combned sewer overflow stes studes, the trcklng fter 

systemtested n Now Provdence was the most unque snce the concept of 
solds 

utlzed as part of the norml mode 

of operaton for ths As dscussed In detal n Append A the two trcklng flterswhch 
normlly run In ersdurng normal flow perods re convertd toprll opraton 

durng prods of hgh flow. Th solds settlng In thefnl clarlfler are 
recycld to the prmary sedentton tank where theysettle out wth the prmary solds. 

Ths combned sudge Is then draned toa sewer whch flows to a larger sewage 
treatent pant downstreamApparenly the downstream treatment plant has the 

capacty to remove andhandle the solids prodced at the New Provdence 
faclty.Ths faclty does not really treat combned sewer overflow but actuallyhandles 

the hgh flows caused by Into the santary sewersTherefore, snce 
the present pant can handle the hgh flows experenceddurng ranfall 

perods, 
It Is not forecasted that any apprecable IncreaseIn 

flow 
can be expected in future years. Thus, t Is not applcable In thscase 

to 
compare on-ste treatment versus snce the exstng formof appears to 

be 
functonng as panned and will contnue to beused In the future. If ths 

type of arrangement were to be utzed atanother ste not beng able to dscharge 
the excess solds to anothertretment faclty, feasbty studes for the optmum 

means of on-stethckenng, dgeston and dewaterng would be requred. However, 
thesefeasiblty studes would be conducted In the ame manner as those 

normalyassocated wth dry-weather treatment plants.121 



SUMMARYAfter 

revewng the eght combned sewer overflow whch were part ofths study 
for the feasblty of utlng pump/bleedback of treatment pro¬duced solds as 

compared to treatent. It s aparent that no specfcconclusons can be drawn for all 
cases, but nstead each case must be studiedon an indvidual bass. In general 

It does not appear possble to pump or the solds produced from the treatment 
of an entre combned seweredcty to the dryweather treatment plant. Ths Is due 

prmarly to the poss¬blty of solds settling In the exstng sewerage system and 
to the over¬loadng of the dry-weather treatment plant sludge handng 

facltes. 
Aso,In cases of ombined sewer overflow storage t may not be possble from 

ahydraulc consderaton to pump or the entre stored contents the dryweather 
treatment plant. These facts become especally crtical whenthe dry-weather 

plants under study are near desgn capacty for eitherhydraulc or sods handng 
facltes. If only a porton of a citysdranage area is served by combned 
sewers then controlled pump/bleedback ofthe combned sewer overfow 

treatment produced sudges may be possble.In most cases where on-ste treatment 
of 

the sludges produced from combnedsewer overflow treatment s utlzed 
the 

hydraulc and solds oadngsresultng fromthe pump/bleedback of and fltratesfrom 
sludge thckenng and dewatering processes such as flotation, 

centrlfu¬gatlon or vacuum fltraton wll be possble. However. In many cases pump of 
the concentrated sludges has been shown to be a problem. Table33 summarzes 

the Increase In solds loadng on dry-weather treatment pantsresultng from 
the treatment of 1.2 cm (0.5 n.) of runoff. The amounts ofsludge were determned 

from the data generated at the exstng combned seweroverflow treatment 
demonstraton systems. The fgure only represents thosestes where satellite 

treatment was tested.A very important consderaton whch can easly be overlooked 
when comparngthe concept of pump/beedback versus on-ste treatment is the 

effcency ofremoval at the existng dry-weather 

treatment plant. It s not possible toaccurately estmate, without actual 
feld 

testn, what effect pump/bleedbackwll have on the percentage removals at 
the dry-weather treatment plants.However, even f It assumed that the 

percentage removals obtaned duringnormal operatng perods hold true durng the 
pump/bleedback perods when theflow rates increase, the percentage of contamnants 

endng up n the recevngbody can stl be sgnfcant. For example, If a 
combned 

sewer overfowtreatment ste achieves 70% removal of suspended solds and 
these 

solids arepumped or bled back to a treatment plant achevng 80% removal of 

suspendedsolds, the net removal f the combned sewer overflow treatment 
ste Is:(0.70) x (0.80) - 0.56 or 56%This can greatl Increase the true cost of 

combined sewer overflow treatmentwhen studied on cost per mass removal 
bass.Another example analogous to the above would be the effect of 

pump/bleedbackwhch 
caused effluent 

qualty 
to decrease ony a sght amount. Usng the Ctyof Milwaukee as an example 

f pump/bleedback rased the average raw flow 

rate122 
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by 0% for perod of 3 days and the average effluent suspended solds 
con¬centraton 

ncreased by onl mg/1, the followng addtional loading ofsolds 
would 

enter the recevng body of water:651 .020 cu 

m/day [172 mgd (1.1) (3 days) (2 mg/1) (constants) 300 kg [9500 

IbsThus, 
over a three 

day perod the Increase of 2 mg/1 In effuent concentratonwould have an actual 
increase loadng to the receivng body of water of300 kg (9500 Ibs) whch Is 

snfcant.Other mportant consderations 

that 
must be made when studying the concept ofpump/bleedback are I) the possblity 
of of heavy metals or othereleents to the assocated dry-weather 

treatment 
plant biologcal processes2) the need and practcalty of subecting the 

combned sewer overflow solids,whch appear to have a low volatle percentage to 
dgeston, and 3) the poss¬blity of overoadng the grt removal and prmary sludge 
removal facties.thus necesstatng addtonal facltes ether at the head endof the 

treatment plant or at the overflow treatment ste Itself.Although ths secon 
has analyzed the feasblty of pump/bleedback of CSOsludges 

versus 

on-ste treatment Its purpose has only been to demonstratethe volumnous 
ramfcatons (specifically for the requrement of addtonalfaclties) and problems 

resultng from ether alternatve. Specfic answersto determne the best method 
for each muncpalty requres a thorougheconomc study of all the alternatves 

avalabe. No genera recommendatonscan be made.24 



SECTION 

VIIIDSCUSSIONThe 

characterzaton data presented In Secton V of ths report has unquestion¬ably 

demonstrated the magntude of the problem posed by the sludge resdualsgenerated 
as a result of combned sewer overflow treatment. The data has shownthat the 

volumes and characterstcs of these resduals vary wdely. Thepump/bleedback 
of the entre amount of resduals to dryweather treatmentfacltes does not 

seem to be a prosng method of dsposng these resdualsas dscussed n Secton VII. 
However, partal pump/bleedback In spcfcstuatons may be possble. Therefore, 

on-ste handlng and treatment of theseresduals Is necessary for a satsfactory 
soluton to ths Important problem.The test results (Secton VI) have 

demonstrated 
that severaldewaterng technques may be applcable for the on-ste 

thckenng of thevarous resdualsDilute sludges such as the retaned contents 

of storage/settlng 

treatment orscreen backwashes requre a concentraton step before any thckenng 

treatmentmay be utlzed. Therefore, for CSO treatment stes employng combnatonof 
storage and flotaton treatment, perhaps moreogcal and economcal step 

would be to keep the dlute tank resduals andscreen backwash separated from 
the concentrated resduals such as settedsolds or flotaton scum. After 

concentraton of the dlute resduals bysedimentaton wth or without chemcals, 
the clarifed supernatant may bebest dscharged to the santary sewer or the 

receiving body of water whlethe clarfied sludge can then be combned wth 
flotaton scum and further by smaler sze dewatering equpment. It Is estmated 

that such amodfcation of keepng the dlute wastes separated from already 
concentratdwastes for example In Racne, may provide as much as 30% to 0% 

reduc¬ton n the total cost of sludge treatment estmated earler. Furthermore,In 
any actual system, the presence of grt or inorganc matter is expectedto be 

signfcant and separate means of removing grt may be required in anyCSO 
resdual handlng treatment faclty.From the treatment feasblty test results, 

generally It was shown thatcentrlfugatlon or vacuum fltraton were both applicable 
for dewatrngafter sludge thckenng by 

gravty or flotaton thckenng. However, whenoverall results were compared 
based on performance, cost and area requrements,centrifugaton was found 

to be the optmum dewatering method for all physicaland physical/chemical 
resduals except alum treated San Francisco sludge andthe bological sludges. 

Centrfugation alone or in combnaton with gravityor flotaton thckening offers 
several other advantages that must be kept Inmnd In the fnal selection of an 

optimum dewatering step at any specfc CSOtreatment site:25 



1. Centrlfugatlon is quc to tart up and sut down In the fld forntermttent 
u lne unpredctable tmng of CSO occurrences2. The process ess 

senstve 
to flow and concntraton changes andcan be geared for varous 

applcatons 
In a short tme. Ths canprovde optmum utlzaton of the 

equpment even durng dryweatherperods.3. It can be automated to reduce 
labor 

costs 

Savngs In chemcal cotsare also possble because checal condtonng s not 
requred Inall cases as for vacuum fltraton. Furtherore, the power 
costsfor equpment operation are also lower compared to vacuum 

ftraton.4. Centrfug ton requres ess space and because of ts 
compactness 

canbe easly mounted on portable equpent whch may then be utlzedat 
number of CSO outfall treatment locatons In a metropoltan areaBecause 

of the above advantages and only lmted number of sces that 
utlzebiologcal 

treatment for combned sewer overflows, ft Is recommended thataddtonal 
development work be contnued on centrfuga Ion treatment of CSOsludges wth 

and wthout gravt or flotaion thckenng. The centrifugeequpment, both scroll 
and basket type unts should be evaluated at sveralCSO treatment locatons 

Ths may best be accomplshed by usng a porabletreatment unt and utlzng It for 
a to 8 week perod at each ste Thcosts developed during ths study should 
be re-evaluated and dmonstratedbased upon the operatonal data developed n 
Phase II. Furtherore, the makng up th volatle solds In the CSO sludes may 

be far more han dgested sludges and most probably wll requre 
stablzatonprior 

to ultate land dsposal. On-ste dgeston faciltes such as dgeston 
are not consdered to be approprate for CSO sludges becauseof the quck onoff 

characterstcs of CSO treatment. Hwever stabilzatonby other methods such as lme 
stablzation may be approprate and necessaryprior to the ultimate dsposal 

of 
the CSO sludges These ultmate dsposalconsderatons shoud be nvestgated and 

evaluated n detal In Phase II.However, It should be noted that the ultmate 
choce of such sludge treatmentconcepts Is expected to be te specfc. The 

selecton of the fnal treat¬ment method must be base on tests at the specfc 

stesunder consideraton snce no one method of handlng and/or treatment wouldbe 
applcable to every stuaton.126 
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APPENDIX 
ASITE DESCRIPTIONS. 

HUMBOLDT AVE MILWAUKEE, 

WlDry-Weather 
TreatmentTwo 

dry-weather treatment plants serve the 60,704 ha. (49,888 area withinthe lmits 
of the Miwaukee Sewerage District. The older ofthese plants (Jones 

sand) 
serves 16,155 ha (39.888 and provdes secon¬dary treatment for flows up 

to 757,000 cu m/day (200 mgd). The South Shoreplant has prmary treatment 
and Is capable of treating a 1,21,200 cu m/day(320 mgd) flow. New secondary 

treatment facll capable of treatng454,200 cu m/day (120 mgd) were 
completed at the South Shore plant In 974.Followng is a bref descrption of each 

of these plants (41).Jones Island Treatment Plant - All 
sewage 

entering the Jones Island plant ispassed through mechancally cleaned bar 
screens to remove the coarse contentsuch as garbage, rags, and wood from the 

raw wastewater flow. The screenedsewage then enters chambers where the 
veocity is reduced toapproximately one foot per second. There are eight 

grit 
chambers 2.4x2.4x27.4m(8x8x90 ft) long. The flow is regulated by indivdually 

controlled gatesplaced at Inlet and outlet ponts*The sewage flows from 
the grt chambers to the fine 

screen 

house. The sewagepasses through a series of rotary drums having 0.24 
cm(3/32 

In) slots, con¬tinuous across the face of the drum. Solids too large to 
pass through theseslots are brushed off of the drums and on to a belt conveyor. 

The screeningsare then conveyed to a collection hopper and pneumatically 
ejected to the in¬cnerator buildng where they are Incnerated along wth the 

coarse screen¬ings and grt. Approximately 54,400 wet kg (60 wet tons) of 
these materialsare incinerated each day.Screened sewage flows from the fne 

screen house into mixing 

channels 
wherecontrolled columns of activated sludge are appled. Mixing with 

ar continuesn feed channels untl this mixture reaches the aeraton tanks where 

bologcaltreatment takes place. The aeration tanks have rdge and furrow type 
aerationand provdes two way reverse flow. The aeration tanks are designed to 

aeratethe mixed liquor for an average period of six hour.Actvated sludge is 
removed by quiescent settlng. Boh orr and type are 

used 
for fnal sedmentaton. The settled sludge Is with¬drawn from the bottom 

of the and the effluent s dscharged to LakeMchgan.13 



A porton of the sludge Is returned to the ncomng sewage for seedng. Theremainng 
increment s conditioned th ferrc chloride and by vacuumfiltration on any 

of 24 vacuum flters at the plant. The flter cake has amosture content of 
about 83.After vacuum filtraton 

the sludge is conveyed to an ndirect-direct counter-flow rotary drum type dryer. 
These dryers reduce the moisture content of thesludge to about 5 The dred 

solds are then crushed and screened and soldas South Shore Treatment Plant 
The sewage 

enters the South Shore Plant through2.54 cm (1in. mechanically cleaned bar 
screens. Solids removed from thescreens are hand-fed to type grnders and 

returned to sewage flow.After screening the sewage flows Into the grt basins. 

Flow through the gritbasins proceeds at about 0.3048 m/sec. (.0 fps). The 
grit is removed fromthe chambers and washed. Ceaned grt s stored and haued 

away by truck toa santary landfll or an incneration ste. The washed from 
thegrit are returned to the sewage flow,The sewage then flows to the 

distributon chambers from which it is 

routed 
tothe settling basns. The sxteen tanks provde a.detenton period of 3 

hoursat 
227.100 cu m/day (60 mgd). When the secondary treatment plant s addedand 

the fow s upgraded to 454,200 cu m/day (120 mgd) the settlng perodwil be 
1.5 hours. Straight lne mechanica sludge colectors convey thesludge to 

cross 
collectors whch In turn depost the sludge n a vaut. Theeffluent 

overflows from the settlng tanks and Is dspersed to Lake Michigan.Sludge from the 
vault or directly from the hoppers s pumped by four posi¬tive displacement 

pumps to the digeston tanks. The total volume of the di¬geston tanks is 44,800 
cu m (1,600,000 cu f). The sludge temperature ismaintained at 29.4 to 

32.2 °C (85° to 90 F) by heaters whch can burn ethernatural gas or dgester 
gas.Sludge flows from the dgesters by gravty and Is pumped to four lagoons.The 

lagoons are approximatel 

118.9 m square (390 ft squar) wth a mnmumdepth of 4.6 m (15 ft) and have 
a total capacty between 224.000 and 280.000cu m (8 and 10 mllon cu ft). 

They 
are estmated to be adequate for 20years without removal of sludge.et-eather 
TreatmentHumboldt Avenue, Mlwaukee Wl (42) - The detenion tank at 

Humboldt Avenuereceives the combned 

sewer overflow from 

a 205 ha (570 drainage areacontaning approxmately 33.8 km (21 mles) of 
combined sewers and represent¬ng 1/27 of the combined sewer area In Mlwaukee. 

The area rsdentaland commercal In character and contans prmarly combned 
sewers with afew separate storm sewers Intercepted wthn the project area. 

Two relefsewers whch traverse the area and the Mlwaukee Sewerage Commssons 
Inter¬ceptng sewer from the system substantal amount of the total 

combnedsewage generated wthn the study area before It reaches the detenton tank,32 



Flow to the tank Is by gravty through a 198 cm (78 In.) sewer. Upon enter¬ing 
the tank Inlet channel, the flow passes through a mechanically ceaned3.8 

cm 0.5 In.) bar screen. All sold materal retained on the screen aredeposited 
In a 2.25 cu m (3 cu yd) portable refuse contaner.Seven 

rotary mxers are located wthin the tank. Only one of these sevenmxers Is 
equpped wth a two-speed motor drive and Is operated at low speedpror to and 

durng periods of tank overflow to dstrbute chlorne fordsnfecton. Facltes 
for and of the CSO areprovded. The diffuser header located 

just 
ahead of thetank inlet and runs across the Inlet channel. The 

diffuserdstributes 
chlorine across the entire 22.9 m (75 ft) wdth of the tank at apoint 

about 37 m (12 ft) above the tank floor and 53.9 m (177 ft) from theoverflow 
wer.Combned sewer overflows n excess of the tank capacty (3.9 mllon gal.) 

[14761.5 cu 

m] durng perods of overflow are dscharged from the tank to theMlwaukee Rver. 
After the overflow has subsided, al mxers are activatedto settled solds. 

The tank contents are then pumped tothe Jones Island Treatment Plant.2. 
CAMBRDGE. MADry-Weather TreatmentThere are two dry-weather treatment plants 

serving 
a 165 ha (407.5 age area. 

These 
plants are 

the Island Treatment 

Pant, 1,298,255 cu mday (343 mgd) and the Nut Island Treatment Pant. 1,286.900 
cu m/day (340 mgd).The followng Is a descrptionof these plants (38). Island 
Treatment Plant - This treatment plant has been In operatonsnce June, 196 and 

serves 22 communities with a population of 

approximatey1,400,000. 
Seven pumpng statons are located throughout the contributing 

areaThe faclties Include three remote whch are connected to the mainpumpng 
faclty by two deep rock tunnels. The tunnel from the Ward Streetand Colubus 

Part is approxmately 11.3 km (7 mles) long. Anaddtonal facilty, the Terminal 
Faclty, ocated on the mainplant ste, provdes sewerage servce for local 

areas and is connecteddrectly to the Island Plant through a separate 
drect pump dscharge.Each provides screening and grit removal for the sewage 

flowingthrough the Treatment at the sland Plant starts wth and 
The place two channels each 121.9x6x4.3 m(400 x 20 x 14 ft), wth a detenton 

time of 10 The flow then passesto the sedimentaton tanks whch have a 
detenton tme of 60 

minutes. 
Theeffluent Is then post-chlorinated and discharged through two marne 

outfallslocated In approximately 15.2 m (50 ft) of water In Boston Harbor.33 



The treatment of raw sludge Is accomplshed by separate sludge thickenngprior 
to hgh rate dgeston. Three primary dgesters, equpped with fxedcover, 

Interna heaters, and draft tube mxers have a sludge redsyste va a manfold. 

A fourth dgester equpped wth fxedcover and separate lqud system, 
serves as a storage tank,recevng all prmary digested solids and overflow to 

allow controlled ds¬charge of digested materal to the sea durng perod of 
outgoing tdes.Nut island Treatment Plant - The Hut Island Plant has been 

treatng wastefro 21 ctes and towns wth a population of 775000 snce 1962.The 
treatment processes Include coarse screening and grtremoval 

for 
Incneraton, of the effluent for 20 mnutes, pr¬mar sedmentaton, and of 

plant effuent pror todscharge through 1524 cm (60 In.) outfall ppe some 
1,828.8 m (6,000 ft)off shore In deep tdal water.The treatment of raw 

sludge Is accomplshed by modified hgh rate dgestion.Two prmary tanks, whch 
have fxed covers, and one 

prmary 

tank wth afloating cover are equpped to provde contnuous of the tankcontents. 
A secondary dgeston tank of the same capacty is equpped wtha 

floatng 
cover and supernatant The digested sludge Is dsposedof through a 30.5 

cm (12 In.) submarne ppe lne whch extends a dstanceof 6.8 km (4.2 mes) from 
the treatment pant Into deep tdal water on thesouth sde of Presdent 

oad.Gas 
produced by the digeston process Is the prncpal source of fuel forall 

plant power and heating purposes. One or more of the sx waste gasburners, 
provded for burnng excess 

gas. 

are n contnuous use.Wet-Weather TreatmentCottage Farm, Cambridge, MA 
(43) 

The Cottage Farm Combined Sewer Detentonand Staton s located on 
the north bank of the Charles Rverjust upstream of the Boston 

Unversty 
Brdge n 

Cambrdge, 

. TheCottage Farm Staton dverts, stores and treats excess CSO whch 
cannotbe 

carred to Island Sewage Treatment Plant from the communes In theCharles 
Rver sewer system. It Is one element of the Metropolitan DistrctCommissons 
comprehensive sewage system expansion program to reduce pollu¬ton 

In the Charles Rver basn.The outfall from the faclity located so as to 
provide 

effectve dschargeand mixng of the effluent with the rver water. Flows 
up to 2,1 tmes the1986 dry weather flow, or 552,610 cu m/day (146 mgd) can 
be carred to theWard Street and 

from there to the Isand Sewage TreatmentPlant. Flows n excess of 552,60 cu 
m/day (146 mgd) are dverted to theCottage Farm Detenton and Staton The 

desgn capacty,882.283 cu m/day (223 mgd). of the Cottage Farm Faclty was 
establshed bythe and need for dversion of the Charles Rver Sewer System at 

the Brdge. Any overflows from these systems are dscharged throuh reliefoutlet 
Into the rver basn.134 



Durng ranstorm, when the relef sewers contrbutng flows to the CottageFarm 
Station reach their indvidual downstream capacty, they become sur¬charged. 

The fow enters the inlet channel to the plant and actvates theplant when 
the flow depth reaches 35.6 cm (14 In As the flow enters theplant It is 

directed to three channels, each designed for 454.200 cu m/day(120 mgd). In 
the channel, the flow passes through a coarse bar screenfollowed by a 
fne bar screen. The coarse bar screen has openings of 8,9cm (3.5 In.) 

and the fne bar screen has an openng of 1.3 cm (0.5 in Bothof these screens are 
mechanicaly cleaned.From the screen 

chambers, 
the flow enters the wet wells from where It is pumpednto one of the 

discharge 
channels. Chlorine is added at the discharge sideof the pumps. From the 

discharge channel, the flow Is dvded Into sixdiverson channels whch 

dstrbute the flow into sx detention tanks. Flowsin excess of the detention 
tanks capacity dscharge Into the Charles RiverBasn through a 243.8 cm (96 

in.) 
outfal.After an activation, the detenton 

tanks are by gravity through appe the bottom of each tank and drained 
to the Norh Charles RelefSewer. The residual waste ultimately dsposed of 

at 
the slandTreatment Plant, The screen channel cleaned by the 

chlor¬nated 
flow retaned In the frst detenton tank to the Inlet structure andthen 

back through the channels into the wet well from where It Is pumped tothe 
North Charles Relef Sewer. The detenton tanks, pump dscharge channelwet 

wel, and screen roo are then manually wahed by a mantenance crew*3. RACINE, 
WlDry-Weather Treatment (44)The treatment of wastewater at Racine, Wl Is 

accomplished 

by 

a ful primarytreatment, 

a 45,420 cu m/day (12 mgd) secondary treatmnt plant, sludge dgeston and 
vacuum 

fltraton. The average flow to the plant for1970. 1971. and 1972 was 79.257.9 
cu m/day (20.94 mgd).The wastewater flows through a mechancally cleaned 

bar screen to four each rated 45,420 cu m/day (12 
mgd). 

The wastewater then flowsto the chambers whch consst of three grt 
channels. Two of theseare 2.9 (95 ft) wde and 12.2 m (40 ft) long and the 
thrd s 5.9 (19.5 ft) wde and 12.2 m (40 ft) long. All channels have flow 

depth of0.9 m (3 ft) and are provded wth mechancal scrapers. The grt Is 
removedfrom the grit basins by the scrapers. A screw type cross conveyor 
and screwtype grt washer remove and further cleanse the grt for satisfactory 

dsposalas fll materials. Four prmary each 10.5 ft) wde and41.8 m (137.3 
ft) long can hold a total of 4,920.5 cum (1.300,000 galMechancal scrapers push 

the sludge to hoppers from where t s sent todigesters. Clarfed effluent 
flows over wers to the secondary plant. Thesludge from the prmary 

treatment 
goes to a 3,785 cu (1,000,000 gal)prmary digester. A gas system 

Is provded for mixing of thesludge, and a heat Is provided for heatng the 
sludge. Thetemperature Is mantaned at 35°C (95°F) Durng ths process 

methane gas35 



Is produced and utlzed as a fuel supply for the engnes and bolers.After 
prmary dgeston, the sudge Is pumped to the secondary dgesters.The total 

volume of the secondary dgesters s 3,785 cu m (1,000,000 galThe dgesed 
sludge 

Is then pumped to the vacuum fltraton system.Secondary treatment 

consists of an actvated sludge type treatment systemutlzng the process. 
Four aeraton tanks having total volume of8,516 cu m (2,250,000 gal.) 

handle an average of 3.797 cu m/day (12 mgd) ofsettled wastewater. The tanks 
can be operated In everal alternate modes.Settled wastewater can be 

Introduced into the tanks, together with returnactvated sludge. The contents 
are then mxed wth ar provded through tubes. Ths ar also serves as a 

supply of oxygen for the mcro¬organsms. The resultng mxed lquor Is transferred 
from the aeraton tanksto tw fnal settlng tanks each havng a volume of 

1,892.5 cu m (500.000gal.) and a detention tme of hours. The effluent Is 

conveyed to achlorne contact tank pror to discharge Into Lke Mchgan.The 
resdual sludge from the various operations s by vacuum 

fltra¬on. Two 3m (10 ft) by 3m(0 ft) vacuum flters are utlzed. Each filterhas 
its own condtonng tank where chemicals are added to aid coagulation andImprove 

1 Chemicals utilzed are lime and ferrc chloride. Thefter cake s dsposed 
of, by truck to a land fil ste.Wet-Weather Treatment (11)The entire combned 

sewer system for the City of Racne covers 284 ha. (700 of 

the central cty. Two 
satellte 

treatment pant units are providedat the (CSO) outfalls to treat a maxmum 
flow of 219.500 cu m/day (58 mgdfrom contributng area of 90 ha. (469 

or 67 percent of the entirecombined sewer area.The treatment units consist 
of two basic operations: screenng followed by flotaton. The CSO enters 

the ste wet well and 

passes througha mechancally cleaned bar screen to a spral screw pump. The 
pump dschargesInto a channel leadng to the drum screen. The creen empoyed to 

removesuspended matter In the flow has 297 mcron openngs (50 mesh). When 
headlssthrough the screens become excessve, backwash water Is pumped from 

the screenchamber and sprayed on the outer surface of the creens to flush sods 
fromthe inner surface. These solds along wth the backwash are collected In 

ahopper and flow by gravty to a screw conveyor whch delvers them to thesludge 
tank where they are held unt the overfow event Is over.The CSO then flows 
to the flotaton tanks where t Is blended wth arsaturated pressured flow. 
The floated slude Is perodcally skimmedfrom the top of the tanks 

and 
deposited In the screw conveyor whchdelivers It to the sludge 

tank.Ths 
system does not employ effluent recycle for ar mxng and Instead, 

approximately 20 percent of the raw flow Is pressurized for thispurpose. 
Ferrc chlorne and polymer 

are added to the raw CSO to facltatethe coagulaton of mater before flotaton. 
Ferrc chlorde is36 



added In the wet well ahead of the spral screw pump. Polymer Is added thedrum 
screen effuent channe. Chlorine is also added in the drum creeneffluent 

channel for disinfection purposes.The 

sudge 
holding tanks are draned back to the city sewer system when thewater 

level In the sewer has decreased to the point where the tank contentscan be 

drained without causing an overflow at a point farther downstream Inthe 
interceptor sewer.4. 

HAWLEY 

ROAD. MILWAUKEE. 
WlDry-Weather 

TreatmentThe 

dry-weather 
treatment plant for Milwaukee, W has been previously describedIn 

conjunction 
with the Humbodt Avenue detention and facityWet-Weather Treatment 

(20)The 

Hawley Road flotation 

system Is a 18,900 cu m/day(5 mgd) plot demonstraton treatment faclty. The 
combned sewer areaserved Is 200 ha (495 and is a completely developed 
resdental arean one of the older sections of The treatment ste is located 

atone of 110 combned sewer overflow ponts In the Milwaukee area. The 
entirecombned sewer area In the Cty of Milwaukee Is 70 km (27 m).The 

demonstraton 
unt consists o two basic operatons: screening followedby 

dssolved-air 
flotation. The CSO passes through a bar screen and then en¬ters the 

drum screen. The water passes through the screen meda and nto ascreened 
water 

chamber directly below the drum. The drum rotates and carriethe removed 
solids to the spray cleaning system where they are flushed ntoa hopper nsde 
the screen and washed to a drain pipe that dscharges tothe city sewer 

system.The screened CSO then flows to the head end of the flotaton tank 
where 

itIs mxed wth the 
ar 

saturated pressurzed flow comng from the tank. A of the flotaton tank 
effluent or the raw CSO can be used asthe source of pressurized flow. The floated 

scum scrapped off, the flotationtanks and flows by gravity to the city 
sewer system.Provsions are also made In the system for the addton of ferric 

chlordeand 
polymer to the flow before It enters the 

fotation 

tank smlar to theRacine CSO treatment system described earler.37 



5. FRANCiSCO. 

CADry-Weather 
Treatment (45)The 

San Francsco Ba metropoltan distrct has a total dranage area of11,30 ha 
(28,000 of whch 9720 ha (24,000 drains to public sewersystems whle the 

remander drans to prvate sewer sstems. Santar flowsfrom both publc and private 
sewers are treated at one of the three wastetreatent plants In the Bay 

area The domestc and Industral flows areestimated to be 138 mllon cu 

m (36.5 bllon gal.) per year while the storm-water runoff s estimated to be 33 

mllion cu m (8.8 billion gal.) per year.Of ths total 171 mllon cu m (45.3 
bllon gal.) per year, only 149mllon cu m (393 bllon gal.) can be handled through 

the dry-weather treat¬ment facilities. The remander of 22 million cu m (6 

bllon gal.) per years discharged to the San Francisco Bay as combined sewer 
overflow. A briefdescrpton of the three dry-weather treatment plants servng 

San Francscoa 11North Pont Plant - The pant serves a trbutary area of 
3037 ha (7500 

of 

combind residential commercal and ndustral land uses. The treatmentconssts 
or pr ana and prmary sedmentaton.The treatment capacty of the plant s 

246,025 cu m/day (65 mgd). Any flowsIn exces,of the plant capacty are bypassed 
va upstream dverson structureto the San Francsco Bay wthout any 

treatment.Primary 
settlng takes place In sx combnation - sedimentatontanks. Total detenton 

tme Includng at the desgn flowcapacity of 

246,025 cu m/day (65 mgd) Is two hours. Under normal condtonsall sx tanks are 
In operaton. About once a year each tank Is taken outof servce for 

mantenance and repair.The orth Pont Plant does not Incude facltes for treatment 
of sludge.Sludge Is pumped to the Southeast Plant at an avrage flow 

of 32173 c m/day(850,000 and solds 

concentraton of about 1 percent.Rchmond-Sunset Plant The plant serves a 
trbutary area of 4236.3 ha(10,460 most of whch Is residental. The plant 

provides 
prmary treat¬ment for a peak wetweather flow of 264,950 

cu m/day (70 mgd). The treatment capacty of the plant Is 264,950 cu 
m/day (70 mgd). Any flows In excessof the plant capacty are bypassed at two 

separate ponts. The treatmentconssts of prmary sedmentaton and effluent 
pror todscharge to the Pacific Ocean. The resdual solids are frst stabilzedIn 

dgeston tanks and then condtioned by and coagula¬ton addton pror to 
dewaterng by vacuum fltraton. The stabilzed-fltered sludge Is then 

used 
as a sol condtoner. At the present the verage raw sudge flow to he 

dgesters Is 378.5 cu m/day (00,000 at a solds concentraton of 2.0-2.5 percent 
Present cake production Isapproxmatey 1088.4 m tons (200 tons) of dry 

solds per year at anaverage solids concentraton of 25138 



Southeast Pant Ths plant serves neary 4048 ha. (0.000 of heavyindustralzed 
areas of San Francsco and approxmately 810 ha. (2000 of San countes 

The treatment consists of primary sedimentaton andeffluent The resdual 
solds 

from both the North Point as wellas the Southeast plants are processed 
at 

ths faclity through gravity dgestrs and vacuum filters after and 
chemicalcondtonng. Approximately 19.000 m tons (21,000 tons) of sludge 

cake 
isproduced per year from ths plant at an average solds concentraton of 

28.Wet-Weather Treatment (46)The wetweather treatment system called the 

"Baker 

Street Plant", s 

adissolved-ar 
flotaton system and is used for the treatment of CSO inSan 

Francsco, CA. The treatment facity receves the dranage from 68 ha.(168 
and has a hydraulic capacty of 9,084 cu mday (24 Thefaclty is comprsed of 

two modules" of 4,542 cu mday (12 mgd) capacityand each is capable of 
operation Independent of the other. Each module hasthe followng key components: 

flotaton tank equpped wth sludge and scumremoval systems; recycle 
system 

pped to permit Intake of recycle flow fromether the flotaton tank at a 
pont Just under the effluent launder or fromthe raw nfluent stream; chemcal 

feed systems for handlng alum, caustc,polyelectrolyte, and sodium solutons; 
solds handling systemprovdng for the ar lfting of solids for subsequent 

gravty flow to asolds sump and the ultimate transfer of solds to the cty 
sewer system.From storm generated flows, the treatment sytem can receive 

up to 9,08'4 cu mday (24 mgd); anythng excess of ths flow is bypassed 

to the Bay. TheInfluent flows through a bar screen and a magnetc fow meter 
before 

It Issplt and fed nto the two flotaton tanks. The effluent from these 
tanksIs dscharged into San Francsco Bay.The system is designed such that 

the water needed for ar saturation can besplit from the Influent stream or 
taken as recycle from the flotation 

tank.Ths water Is pumped by a recycle pump Into a tank. At therecce pump, 
ar Is ntroduced Into the stream by an air compresor.In the tank, air-water 

interface is provided to obtan hghrates of air solution. The pressure In 
the tank Is mantained at the desiredlevel by a downstream pressure 

reducton valve. Noma detention time n thetank is generally about one minute. 
The pressurzed flow Is then blendedwth he raw flow n a mixng zone at the 

Influent end of each flotaton tank.Independent chemcal feed systems, consstng 
of tankage, and alternative chemcal introducton points, are provided. 

Feed s automaticallyadjusted to desred levels usng caustc. Other chemicals that 
are utlizedare alum and polyelectrolyte to aid in solds and separation.There 
are two surces of sludge In ths system: the solids that are floatedand 

the solds that settle to the bottom of the flotation tanks. The floatedsolds 
are off the flotaton tanks durng operaton and fow by gravty139 



to a solds sump. Any sttled solds at the bottom of the tank are washed toa 
corner of the tank and pumped to the solds sump. These accumulated soldsre 

then 
pumped to a cty sewage pumping staton.6. 

KENOSHA. 

WlDry-Weather 

Treatment (47)The 
dryweather 

treatment faciltes consst of primary sedmentation wth amaxmum desgn 
capacty of 113,500 cu m/day (30 mgd) followed b 87055cu m/day (23 mgd) 

conventional actvated sludge system and Rawsewage enters the plant by gravity 
from a 183 cm (82 in.) diameter intercep¬tor sewer. Flows In excess of the 

pant capacty are dverted by hydrauccontrol gate.The raw sewage entering 
the plant s 

pumped 
through two grt removal facli¬ties whch operate In parallel. The ischarge 

from the grit chamber flows bygravty to 6 prmary settlng basns whch have 

a total surface area of2,303 m (24.760 ft) and volume of 7.213 cu m 

(257,600 cu ft). Themaximum hydraulc capacity of the faclty Is rated at 

113.500 cu mday (30mgd), resulting In surface overflow rates of 49*7 cu m 
(1,212 ft) and a detenton tme of 1.5 hours. Effluent from prmary sedmenta¬ton 

Is conveyed to the mxed lquor aeraton tanks where It Is mxed wthreturn 
actvated sludge There are four mxed liquor tanks havng atotal volume of 

13.328 cu m (476,000 cu ft) and an aeraton tme of 3.72hours at a maxmum 
desgn capacty of 87,055 cu m/day (23 mgd). The mxedlquor from the aeration 

tanks flows to three 25.9 (85 ft) dameter final havng a total surface 
area of 1,581 m (17020 ft). Thesurface overflow rate at maxmum flow Is 55.1 

cu m (1,350 ft)and the detention tme (not Includng Is 1.32 hours. The 
waste act¬vated sludge (WAS) from the fnal Is thckened by means of twodissolved-ar 

flotation unts havng a total capacty of 8,080 kg (20,000 Ib)of sol 
Ids per day.The effluent after fnal clarificaton Is chlornated a 

contact tank havnga volume of 605.6 cu (160,000 gal At a flow of 113.550 cu 
mday 

(30.mgd)the 
detention 

tme in ths tank s 7.7 minutes plus an additonal 7.3 mnutesn the dscharge 
conduit to Lake Mchgan.Wet-Weather Treatment (12)The process for treating 

combned sewer overflows at the Kenosha deonstra¬ton ste Is contact stabilzaton* 
The man dfference between the demon¬straton 

project and normal 
contact 

stablzaton plant is the periodic usageof the system. Due to ths, provsions 
for borrowing waste actvated sludgefrom the dryweather plant were made. 

Ths provson was never utlizedbecause there was always suffcent volume of 
sludge In the stablzatontank, pror to system deployment to provde a sffcent 

tmedurng operation.140 



The orgnal grt basns had a maxmum hydraulc capacity of 34,056 cu m/dayC9 mgd) 
and would not be able to handle a hgher loading. In order to provide more 

grit removal capacty, an unused mixing and basinwas converted into a 

grt basn. The new grit basin is conveniently locatedbetween the pump room 
and 

the site for the contact stabilization tanks.The modifed tank Is 
designed 

to handle a fow of 75,700 cu m/day (20 mgd)at a velocity of 0.06 m 
per second (0.2 fps). The floor of the tank is slopedso that all extremtes 

drain 
to the middle 6m (20 ft) of the.west wall. Atthis location a telescopng 

valve and a screen well are installed to dranthe tank after a run. The 
depostedgrt on the foor of the tank is flushedto the west wall where It Is sucton 

pumped to a truck and hauled to a land¬fll site.The contact and stabilization 
tanks 

are located on a structure which is dividedby concrete walls Into four compartments. 
Two contact tanks are desgned tohandle a maxmum flow of 75,700 cu 

mday 
(20 mgd) and stablzed sudgeflow of 11.355 cu m/day (3 mgd) for a 15 

minute contact pero. Thsrequires a volume of approxmately 946 cu m 
(250,000 gal The contact tankshave volume of 620.7 and 304.5 cu m (164,000 

and 80,465 gal wth acombined volume of 925.3 cu m (244.456 galAeraton is 
supplied to the contact tank by means of a 

fixed air system located along the bottom of the northern wall of the contact 
tank.The are suppled by the exstng blower system and are capableof 

delvering up to 106.4 cu (3,800 of ar.The stablzation tank is also divided 
into two tanks so that varous stabl¬zaton times may 

be studied. Both tanks are Identical, havng a volume of1,386 cu m (366,329 gal.) 
each. One tank may be flled without fiing theother. Ths allows for a 

short stabilization tme f desred. The two tanksare connected by permanent 
openings In the concrete wall dvder 2.19 m (7.17ft) above the floor of the 

tank. After ths heght is reached, both tanksmust be flled simultaneously.Aeration 
for the stabilation tanks s provded by 8 mechancal surface four in each 

tank. The are 50 horsepower 

each and havea total desgn transfer rate of 454 kg (1,000 Ib) per hour.Two 
37.850 cu m/day (10 mgd) pumps are provded to transfer the stabilizedsudge 

to the contact tanks. This combined capacity allows 
up 

to 75,700cu m/day (20 mgd) of stabiliation sludge to be transferred, which 
is equalto 100 percent of the combined sewer flow. A 1,892.5 cu m/day 
(0.5 mgd)pump is also needed during dryweather to transfer unused stablzed 
sludgeto the exstng All three pumps are located on a concete plat¬form 
between the contact and stabilization tanks.The clarifler s designed for 

use during both dryweather flow and over¬fow condtions. During dry-weather,the 
mixed liquor from the existingplant is fed 

to 
the new for sedimentation. The settled sludgefrom the clarifler s 

pumped 
back Into the existing plants sudge returnsystem. The doubled the 

exsting plant's clarficaton area.41 



The entire process Is completely automated and Is drected froma man control 
board. The main control board receives and sends Informatonfrom and to all 
operatons of the process. The informaton regulates allflow rates whch 

n turn determine contact tmes, mixed lquor concentrations,stabzaton tmes, ar 
suppy rates, and settlng tmes. Ths Is done bysetting all varable flows as a 

percentage of the raw sewage flow.During dry-eather the only 
actvty 

performed by the wet-weather facilitys to store waste activated sludge n 
the stablzaton tank for a set periodof time before gong on to the existng 

The rate of wasted sludgeflow from the existing treatment plant to the 
stabilzation 

tank is manuallyset at the man control board. By allowing the tank to 
fill to the desiredvolume and then settling the flow out of the tank equal 

to 100 percent ofthe flow into the tank, a constant stabilzation tme 
Is 

achieved.7. NEW PROVIDENCE. NJDry and Wet-Weather Treatment (14)The dual.use 

of treatment plants, 

usng wet-weather factes to treat 

dry-weather flows, is demonstrated well in New Providence. Unlke the othersites, 
the New Providence area has a totally separated sewer system. 

Hghinfiltraon/Inflow conditions during perods of wet-weather may Increasefows 
to rates as hgh as 10 times the dry-weather flow. To treat these flowvaratons 

whle mantanng hgh evels of treatment, a unque trcklingfilter operation 

has been Installed.The plant Is designed to handle a dr-weather flow of 
1892 (0.5 mgd)and wetweather fows 

of up to maxmum of 22,710 cu m/day (6 mgd). Thetreatment facltes Include 
prmary carfcaton, trckng fltraton,secondary clarfcaton and post Resdual 

sludges up to5,678 cu mday (1.5 mgd) are pumped to the cty of Summt, NJ 
solds handlngfaciltes under a "Pumpng Rghts agreement.Two are provded at the inlet faciltes for shreddng thecoarser solds In the raw sewage. The raw 

sewage s pumped by low lftpumps (three at 
18.925 

cu m/day (5 mgd) each) to the prmary settlng a 1,608.6 cu m (425.000 
gal.) tank whch provdes the first phase oftreatment at the faclity. 

The has a two fold functon: t removes scum, grease and o from the flow and 
the large volumeof the tank allows equalzaton of flow to the treatment 

plant. The sludgefrom ths tank is pumped daly to the Cty of Summt during a 
perod of aboutthree hours.One of the two flters Is a plastc meda flter 11 m (36 

ft) In dameter and4.4 m (14.3 ft) deep. The prmary tank effluent plus the 
flowsare distrbuted on the flter by a par of dstrbutor arms whch rotate 

byvirtue of the 

lqud head created In the center column to whch the rotatingarms are attached.42 



During dry-weather operaton, the effluent from the plastc media flteris 

pumped to the high rate rock trckling filter. The rock flter s 19.8 m(65 
ft) 

In dameter, 1.8 m (6 ft) deep and s constructed of concrete. Fromhere the 
effluent flows to the fnal clarfler.The fnal 

s 21m (70 ft) n diameter and has a depth of2.4m ft). The bottom scraper 
arms operate at about revolutions perhour. Durng periods of dry-weather, 

pumps with a capacity of3,028 cu m/day (0.8 mgd) provide the mnimum 
hydraulic loadngs for thetrickling filters. The sludge at the bottom of 

the fnal flows,by gravity, to the nlet of the plant,The unque feature of 
ths plant is its ablity to operate 

under 
a widerange of hydraulc loadings. During dry-weather the.plant 

operates 
Inseries with the plastic flter beng the lead flter. During 

periods 
ofwet-weather, when the flow increases above 0.598 cu m/day (2.8 

mgd), 
auto¬matic transfer to parallel operation takes place and is maintained 

untilflow drops to the seres range. A porton of the total flter flow Is 

thenconveyed to the plastc meda flter and the remander to the rock 
tricklingflter. The effluents from the two filters are combned and conveyed tothe 

final clarifler. When In parallel operaton, the second stage and pumps 
are automatcally turned off.The flow to each flter can be vared, ether on a 

preset rato bass or apreset constant flow 

bass. 
These operatons can be controlled as folows:An adustable preset 

constant 
flow to the plastc flter can be mantanedautomatcally by the control 

crcut. 
Under ths mode of operaton, a constantflow Is appled to the plastc 

meda 
trcklng flter wth any excess flowdscharged onto the rock meda trcklng flter 

Smlarly, an adjustablepreset constant flow can b mantaned to the rock media 
trcklng flter wthany excess flow appled to the plastc meda trcklng 

flter. 
In addton,a constant rato of flow can be mantaned between the plastc meda 

trcklngflter and the rock meda trcklng flter. Ths rato can be set between 
0.2and 4.0, I.e., If the Indcator Is set at .0. It would Indcate that bothflters—the 

plastc and the ck-wuld be recevng the same flow. f thetotal flter flow 
exceeds 17,033 cu m/day (4.5 mgd), the raw sewage pumpswhch pump to Sumt 

at 
a constant rate of 5,678 cu m/day (1.5 mgd) areautomatcally turned off. 

When the wetweather flow decreases to 11,355 cu mday (3 mgd). the Summt 
pumps are automatcally turned back on. At a flowrate of 7750 cu m/day (2 

mgd), the secondary treatment system wl swtchautomatcaly from parallel to 
seres operaton, resultng In the turningon of the second stage and pumps.Under 

the foregong condtons, an extreme amount of flexbilty s providedIn the 

operaton of the plant for the treatment of both dry-weather and flows.43 



APPENDIX 

BANALYTICAL 
PROCEDURESThe 

followng analyses were performed according to Standard Mthods for 
theExanaton of Water and Wasteater, 13th Edton, 197) (6) and Methodsfor Chemcal 

Analysis of Water and Wastes, 1971, EPA Water ualty Offc Cncnnat, Oho 
(7).Total SoldsTota Volatle 

SolidsSuspendedSo 

ldsVolatle Suspended 

SodsBODTotal 
Phosphate 

NtrogenNtrateMetals 

Cu, 

N1 
MercuryDenstyHeat 

ValuePestcdes 

and 

PCBsSoluble 
ParametersO p. 230 

p. 280 

P. 282 

p. 278 p. 

282 p. 489W0 p. 22 

p. 239 p. 149 p. 

458WO. p. 

95Dgeston - 

p. 
88recmmended 

by the 

manufacturer 

for 
theInstrument 

used 
odel 

403Dgeston - 
Ntrc 

acd reflux 

procedure 

(seebelow). Analyss: 

MercuryAnalyss Syste Operatng rections 
09. method (wde mouth Instructons for 

1241 

and 122 Manual No 142, Parr InstrumentCompany, 
Ho Detals of the pestcde analytcal 

procedurare Included later In appndxSaples 

were fltered through 0.5 mcronmebrane 

flters to remove suspended soldn preparaton for 
mesurement of soubleparameters144 



Nitrc acd reflux dgeston procedure for mercury - A sutable sample volumewas 
placed n a 250 ml round bottom flask and 10 ml of concentrated ntricadd was 

added The fask was then connected to a reflux condensr (about60 cm n 
length) and heated wth a heating mantle causng the acd to reflexgently. The 

mxture 
was heated for two hours before allowng It to coolat roan temperature. 
The cooled mxture was washed down the column wthabout 60-70 ml of 

dstlled water. The sample was then ftered through No. 42 paper to remove 

insoluble material and the fltrate was madeup to 100 ml wth dstlled water. 

A sutable alquot was then anayzedfor mercury.PESTICIDE ANALYSSIntroductonThe 

method 

descrbed here 
was 

used for 

the 
extracton and Isolaton of pestcdes and certan (PCB) mxturesfrom stormwater 

and combned sewer overflow sludges Ths method s based onEPA approved 

procedures wth slght modfcatons to adapt It to CSO sludges.The mt of detecton 
was 1 for related PCB*s and the follow¬ng pestcdes: 1 DDE, 

and The selected cleanup procedures permtted the analyst to elmnate 
certananticipated Interferences and allowed for separation of analogs of 1254. 

1262 ?465. from pestcde.Summary and pestcdes were eher by lqudlqudextracton 
or for amples of hgh sold by mxng wth nhydrou and 

extracton. 

A combnaton of the standard coumncleanup and slcc acd column chroma 
tog were employed to separate from pestcdes (48). Identfcaton was made wth 
agas equpped with an electron cptur detector through the useof 

two or 

ore unlke columns. Further confrmaton by checal modficatonusing a alkal 
treatment was used as recommended In the lterature(49).Interferences1. All 

glassware, solvents, reagents, and samplng hardware must bedemonsrated 
to be free of Interferences under the condtons of analystsTereforeall 

glassware was fred at 230C after et al. (50).2 pestcides and are 
mutually 

Interferng The acd column cannot separate 22\ \22 248,5442 and 5460 
completely from nd Its analogs. (Early peaks from the may occur in the polar 

For this reasonthe use of the chemical modification technique was utlzedas 

recommended 

in the 

lterature (49),145 


